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GLIIHUHQW SDUWV RI WKH PXOWLPRGDO WUDQVSRUWDWLRQ QHWZRUN WKURXJK FRPSHWLWLRQV DQG RWKHU LQWHUDFWLRQV




RQHV E\ FRQVLGHULQJ WKH RFHDQ WUDQVSRUWDWLRQ QHWZRUN DV ZHOO DV SRUW GHWHUPLQDQWV VXFK DV WKH SRUW
ORFDWLRQ DQG VHUYLFH OHYHO 7KHUHIRUH SRUW WHUPLQDO RSHUDWRUV VXJJHVW FRPSHWLWLYH VHUYLFH FKDUJHV DQG
FRQGLWLRQV WRDWWUDFWPRUHRFHDQFDUULHUV$W WKH ORZHU OHYHO ODQGFDUULHUVHUYLFHGHPDQG LVGHWHUPLQHG
IURP WKHSRUW WKURXJKSXW/DQGFDUULHUVGHOLYHU WKH WRWDO DPRXQWRI IUHLJKW KDQGOHG LQSRUW WHUPLQDOV WR
ODQGGHVWLQDWLRQV7KXVRFHDQFDUULHUVDUHFRQVLGHUHGDVWKHOHDGHUVLQWKHLQWHUQDWLRQDOPDULWLPHVKLSSLQJ
PDUNHWPRGHOSUHVHQWHGKHUHLQ3RUWWHUPLQDORSHUDWRUVDUHWKHIROORZHUVRIRFHDQFDUULHUVDVZHOODVWKH
OHDGHUV RI ODQG FDUULHUV$PXOWLOHYHO KLHUDUFKLFDOPRGHOLQJ DSSURDFK ZKLFK FDSWXUHV WKH LQWHUDFWLRQV
DPRQJWKHWKUHHW\SHVRIFDUULHUVXVLQJ1DVKHTXLOLEULXPZDVGHYHORSHGE\/HHHWDO
6KLSSHUV SURGXFH JRRGV DQG GHOLYHU WKHP WR FXVWRPHU ORFDWLRQV XVLQJ WKH WUDQVSRUWDWLRQ VHUYLFHV
SURYLGHGWKHFDUULHUV7KH\FRRUGLQDWHIUHLJKWPRYHPHQWVWRH[SORUHWKHSRWHQWLDOHFRQRPLFEHQHILWIURP
WKH SULFH GLIIHUHQFHV EHWZHHQ GLIIHUHQW UHJLRQV 6KLSSHUV GHFLGH D VHTXHQFH RI FDUULHUV EDVHG XSRQ WKH




6HYHUDO VKLSSHU PRGHOV KDYH EHHQ IRUPXODWHG DSSO\LQJ WKH FRQFHSW RI 63( RYHU WKH SDVW GHFDGHV
7KURXJKWKHHDUO\VPRVWRIWKHPRGHOVKDYHQ¶WFRQVLGHUHGWKHFDUULHUV¶EHKDYLRUGHILQLQJDUFDQG
QRGHWUDQVSRUWDWLRQFRVWIXQFWLRQV5HVHDUFKHIIRUWVWRLQFOXGHFDUULHUV¶GHFLVLRQVLQWKHVKLSSHUSUREOHP
KDYHHPHUJHG WRDQDO\]H WKHVLPXOWDQHRXVVKLSSHUFDUULHU LQWHUDFWLRQVYLDJHQHUDOL]HG63(PRGHOV WKDW
FDSWXUH WKH SURILW PD[LPL]DWLRQ EHKDYLRU RI FDUULHUV H[SOLFLWO\ /LPLWHG UHVHDUFK ZRUN KDV IRFXVHG RQ
VHTXHQWLDO LQWHUDFWLRQV EHWZHHQ VKLSSHUV DQG FDUULHUV FRQVLGHULQJ FDUULHUV DV WKH OHDGLQJ SOD\HUV LQ DQ
LQWHUQDWLRQDO WUDGH QHWZRUNPRGHO ([LVWLQJ OLWHUDWXUH KRZHYHU GRHV QRW GLIIHUHQWLDWH DPRQJ GLIIHUHQW
W\SHVRIFDUULHUVDQGWKHLULQWHUDFWLRQVZKLFKLVWKHLVVXHDGGUHVVHGLQWKLVSDSHU
7KHVWUXFWXUHRI WKHSDSHU LVDV IROORZV7KHQH[W VHFWLRQSUHVHQWVDQXSWRGDWH OLWHUDWXUH UHYLHZRI
VKLSSHUDQGVKLSSHUFDUULHUPRGHOV7KHWKLUGVHFWLRQGHILQHVWKHJHQHUDOPDULWLPHIUHLJKWWUDQVSRUWDWLRQ





3XUH63(PRGHOV ILQG WKHSURGXFWLRQFRQVXPSWLRQDQGGLVWULEXWLRQRIJRRGVEDVHGRQ WKHSULQFLSOH
WKDWLIWKHSULFHRIDFRPPRGLW\DWWKHVXSSO\PDUNHWSOXVWKHWUDQVSRUWDWLRQFRVWIURPWKHVXSSO\PDUNHW
WR WKHGHPDQGPDUNHW LV HTXLYDOHQW WR WKHSULFHRI WKHFRPPRGLW\DW WKHGHPDQGPDUNHW WKHUHPD\EH
IORZ RI WKH FRPPRGLW\ IURP VXSSO\ WR GHPDQG 6DPXHOVRQ  DQG 7DND\DPD DQG -XGJH 
LQLWLDOO\ SURSRVHG 63(PRGHOV ZLWK WKLV FRQFHSW 6DPXHOVRQ  SUHVHQWV DQ RSWLPL]DWLRQ SUREOHP
ZLWK D IL[HG WUDQVSRUWDWLRQ FRVW IXQFWLRQ DQG OLQHDU VXSSO\ DQGGHPDQG IXQFWLRQV LQ DQ RYHUVLPSOLILHG
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DQGJLYHQ2'SDLUWKHWUDQVSRUWDWLRQFRVWRQDQ\XVHGSDWKLVORZHUWKDQRUHTXDOWRWKDWRQDQ\XQXVHG
SDWK DQG HTXDO WR WKH GLIIHUHQFH EHWZHHQ WKH VXSSO\ SULFH DW WKH RULJLQ DQG WKH GHPDQG SULFH DW WKH




63( SUREOHPV FRPSDULQJ WKHLU FRPSXWDWLRQDO DVSHFWV 3DQJ  UHYLHZHG D PRGHO RI WKH PXOWL
FRPPRGLW\VSDWLDOHTXLOLEULXPSUREOHPE\)DQJDQG3HWHUVRQDQGGLVFXVVHGQXPHULFDOVROXWLRQV
DSSO\LQJ *DXVV6HLGHOOLQHDUL]DWLRQ PHWKRGV 'DIHUPRV DQG 1DJXUQH\  HVWDEOLVKHG VRPH
FRQQHFWLRQV EHWZHHQ &RXUQRW ROLJRSRO\ DQG SHUIHFW FRPSHWLWLRQ 7KH\ VKRZHG WKDW D IDLUO\ JHQHUDO
ROLJRSRO\ PRGHO ZLWK VSDWLDOO\ VHSDUDWHG PDUNHWV JHQHUDWHV D 63(PRGHO DV DQ H[WUHPH FDVH ;X DQG
+ROJXLQ9HUDVIRFXVHGRQWKHLQWHJUDWHGVKLSSHUFDUULHURSHUDWLRQVWRHVWLPDWHXUEDQIUHLJKWIORZV




DQG QRGH FRVW IXQFWLRQV*HQHUDOL]HG63(PRGHOV DOVR FDOOHG LQWHJUDWHG QHWZRUN HTXLOLEULXPPRGHOV
LPSURYH WKH 63( PRGHOV E\ H[SOLFLWO\ GHYHORSLQJ FDUULHUPRGHOV 7KHUHIRUH WKH LQWHUDFWLRQV EHWZHHQ
VKLSSHUV DQG FDUULHUV DUH VLPXOWDQHRXVO\ FDSWXUHG LQ WKH JHQHUDOL]HG 63( PRGHOV +DFNHU  DQG
+DUNHU DQG )ULHV] D E F XVHG WKLV LQWHJUDWHG FRQFHSW +DFNHU  SURSRVHG D
JHQHUDOL]HG 63( PRGHO WR FDSWXUH WKH VLPXOWDQHRXV VKLSSHUFDUULHU LQWHUDFWLRQV DQG DSSOLHG LW WR WKH
DQDO\VLVRI86¶GRPHVWLFFRDOHFRQRP\+DUNHUDQG)ULHV]DSUHVHQWDQHFRQRPLFPHFKDQLVPWKDW
LQWHJUDWHV WKH GHPDQG DQG VXSSO\PRGHOV LQ DQ LQWHUFLW\ IUHLJKW WUDQVSRUW V\VWHP$W WKH GHPDQG VLGH
VKLSSHUVPDNHGHFLVLRQVXVLQJ63(ZKLOHWKHSURILWPD[LPL]DWLRQEHKDYLRURIFDUULHUVLVFDSWXUHGRQWKH
VXSSO\ VLGH +DUNHU DQG )ULHV] E SURSRVHG WZR DOWHUQDWLYH PDWKHPDWLFDO UHSUHVHQWDWLRQV RI WKH
PRGHOGHYHORSHGE\+DUNHUDQG)ULHV]DYDULDWLRQDOLQHTXDOLW\9,DQGQRQOLQHDUFRPSOLPHQWDU\
IRUPXODWLRQV 3DUWLFXODUO\ 9, ZDV WUDQVIRUPHG LQWR DQ HTXLYDOHQW RSWLPL]DWLRQ SUREOHP WR ILQG




:DQJ  GLVFXVVHG D KLHUDUFKLFDO JDPH EHWZHHQ VKLSSHUV DQG FDUULHUV IRU LQWHUQDWLRQDO IUHLJKW
PRYHPHQWV$W WKHXSSHU OHYHOFDUULHUVGHFLGHVHUYLFHFRVWVDQG OLQNIORZVXVLQJ1DVKHTXLOLEULXP$W
WKHORZHUOHYHOVKLSSHUVPDNHGHFLVLRQVRQWKHVXSSO\GHPDQGDQGVKLSPHQWSDWWHUQYLD63(=DQ
DQG=KDQJHW DO DOVRSUHVHQWHG VHTXHQWLDO JDPHVDVVXPLQJFDUULHUVRUSRUWVDUH WKH OHDGHUVDQG
VKLSSHUVDUHWKHIROORZHUVLQLQWHUQDWLRQDOPDULWLPHVKLSSLQJPDUNHWV7KH\HPSOR\HGXVHUHTXLOLEULXPWR
FDSWXUHWKHVKLSSHUV¶EHKDYLRU
6HYHUDO ZRUNV SURYLGH JRRG VXPPDULHV RI WKH H[LVWLQJ 63( PRGHOV DQG JHQHUDOL]HG 63( PRGHOV
)ULHV] HW DO E FRPSDUHG PRGHOLQJ DVVXPSWLRQV DQG DSSURDFKHV RI IUHLJKW QHWZRUN HTXLOLEULXP
)1( DQG 63( PRGHOV DQG SUHVHQWHG D W\SRORJ\ RI WKH PRGHOV ZLWK VRPH PHDQLQJIXO FULWHULD 7KH
DXWKRUVGLVFXVVHGVLPXOWDQHLW\RI WKHGHFLVLRQVRIVKLSSHUVDQGFDUULHUVZLWKUHFHQWPRGHOLQJDGYDQFHV
+DUNHUUHYLHZHGOLWHUDWXUHRQWKHSUHGLFWLRQVRILQWHUFLW\IUHLJKWPRYHPHQWVDFFRUGLQJWRWKHIRXU
PRGHOLQJ FDWHJRULHV HFRQRPHWULF PRGHOV )1( PRGHOV 63( PRGHOV DQG JHQHUDOL]HG 63( PRGHOV
&UDLQLF  SUHVHQWHG DQ RYHUYLHZ RI SODQQLQJ LVVXHV UHJDUGLQJ ORQJKDXO WUDQVSRUWDWLRQ ZLWK
HFRQRPHWULFPRGHOV )1(PRGHOV DQG 63(PRGHOV9DOVDUDM  SUHVHQWHG WD[RQRP\ RI SUHGLFWLYH
QHWZRUNPRGHOVLQFOXGLQJ)1(63(DQGJHQHUDOL]HG63(PRGHOV
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,QVKRUWPRVWVKLSSHUPRGHOVGHILQHGDUFDQGQRGHWUDQVSRUWDWLRQFRVWIXQFWLRQVQRWFRQVLGHULQJWKH
FDUULHULQWHUDFWLRQVRUFRQVLGHULQJVLPXOWDQHRXVVKLSSHUFDUULHULQWHUDFWLRQV6RPHUHVHDUFKHUVIRUPXODWHG
ELOHYHO PRGHOV IRU VHTXHQWLDO GHFLVLRQV EHWZHHQ VKLSSHUV DQG FDUULHUV IRFXVLQJ KRZHYHU RQ WKH
EHKDYLRU RI RQH W\SH RI FDUULHU 7KLV SDSHU SURSRVHV D ELOHYHO PRGHOLQJ DSSURDFK ZKLFK FDSWXUHV
KLHUDUFKLFDO UHODWLRQVKLSV EHWZHHQ VKLSSHUV DQG GLIIHUHQW W\SHV RI FDUULHUV LQ DQ LQWHUQDWLRQDO PDULWLPH
VKLSSLQJVHWWLQJ
1HWZRUN6WUXFWXUH
7KH DJJUHJDWHG WUDQVSRUWDWLRQ QHWZRUN UHSUHVHQWDWLRQ LQ )LJ  GHSLFWV WKH VKLSSHU QHWZRUN )LJ 
UHSUHVHQWV WKHGHWDLOHGPXOWLPRGDO FDUULHU WUDQVSRUWDWLRQQHWZRUN7KH VKLSSHUQHWZRUN LQFOXGHVQRGHV
UHSUHVHQWLQJRULJLQPDUNHWV GHVWLQDWLRQPDUNHWV DQG WUDQVVKLSPHQWSRLQWV7KH VXSSO\ DQGGHPDQG DUH
DVVRFLDWHG ZLWK WKH RULJLQ DQG GHVWLQDWLRQ QRGHV UHVSHFWLYHO\ DQG GHOLYHU\ URXWLQJV DUH VKRZQ DORQJ





7KH FDUULHU QHWZRUN UHSUHVHQWV WKH DFWXDO WUDQVSRUWDWLRQ URXWHV DQG PRGHV IRU WKH RFHDQ DQG ODQG
FDUULHUDQGSRUW VXEQHWZRUNV7KHRFHDQDQG ODQGFDUULHUQHWZRUNVFRQWDLQQRGHV UHSUHVHQWLQJRULJLQV
GHVWLQDWLRQV DQG LQWHUPHGLDWH SRLQWV RI FKDQJH LQ WKH W\SHV RI VHUYLFH RU PRGHV /LQNV UHSUHVHQW WKH
DOWHUQDWLYHURXWHVEHWZHHQQRGHV7KHRFHDQFDUULHUQHWZRUNKDVSRUWOLQNVWRDFFHVVSRUWWHUPLQDOVRQWKH
ZDWHUVLGHDQGWKHODQGFDUULHUQHWZRUNKDVSRUWOLQNVWRDFFHVVSRUWWHUPLQDOVRQWKHODQGVLGH(DFKSRUW









SRUW VHUYLFHV LQ WKH RFHDQ WUDQVSRUWDWLRQ QHWZRUN SRUW VXEQHWZRUN DQG ODQG WUDQVSRUWDWLRQ QHWZRUN
UHVSHFWLYHO\7KHUHH[LVWKLHUDUFKLFDOUHODWLRQVKLSVEHWZHHQRFHDQFDUULHUVDQGSRUWWHUPLQDORSHUDWRUVDQG
EHWZHHQSRUWWHUPLQDORSHUDWRUVDQGODQGFDUULHUVUHVSHFWLYHO\DVWKHVHZHUHGHVFULEHGHDUOLHU$WKUHH
OHYHOKLHUDUFKLFDOPRGHOLQJDSSURDFKFDSWXULQJ LQWHUDFWLRQVDPRQJ WKH WKUHH W\SHVRIFDUULHUVKDVEHHQ











6KLSSHUV GHWHUPLQH WKH RSWLPDO SURGXFWLRQ VKLSPHQW DQG FRQVXPSWLRQ SDWWHUQ XVLQJ 63( 6KLSSHUV
FKRRVH D VHTXHQFH RI FDUULHUV FRQVLGHULQJ WKH FDUULHUV¶ SULFLQJ DQG URXWLQJ GHFLVLRQV WR GHOLYHU WKHLU

















WKH FDUULHU PXOWLPRGDO QHWZRUN *HQHUDOO\ WKH WUDQVSRUWDWLRQ FRVW IXQFWLRQ LV DVVXPHG WR EH VWULFWO\












$W WKHXSSHU OHYHO FDUULHUVPDNHSULFLQJDQG URXWLQJGHFLVLRQVZLWK WKHNQRZOHGJHRI VKLSSHU IORZ
&DUULHUV LQYHVWLJDWH RU IRUHFDVW WKH VKLSSHU GHPDQG DQG GHWHUPLQH VHUYLFH FKDUJHV DQG GHOLYHU\ URXWHV
WKURXJKFRPSHWLWLRQVDQGLQWHUDFWLRQVDPRQJWKHP
$WWKHORZHUOHYHOVKLSSHUVGHWHUPLQHWKHSURGXFWLRQVKLSPHQWDQGFRQVXPSWLRQSDWWHUQEDVHGRQWKH
WUDQVSRUWDWLRQ VHUYLFH LQIRUPDWLRQ SUHVHQWHG E\ WKH FDUULHUV 6KLSSHUV FRQVLGHU WKH RFHDQODQG
WUDQVSRUWDWLRQDQGSRUWVHUYLFHFKDUJHVDQGFDUULHUOLQNIORZV










%RWK FDUULHU DQG VKLSSHU SUREOHPV DUH IRUPXODWHG XVLQJ 9DULDWLRQDO ,QHTXDOLWLHV 9, 7KH LQGLYLGXDO
FDUULHU DQG VKLSSHU PRGHOV DUH VROYHG HPSOR\LQJ WKH SURMHFWLRQ DOJRULWKP ZKLFK UHVROYHV 9, LQWR D
VHTXHQFH RI VXESUREOHPV E\ WKH JHQHUDO LWHUDWLYH VFKHPH DQG WKH WKUHHOHYHO PRGHO LV VROYHG E\ D
KHXULVWLF DOJRULWKP 7KH KHXULVWLF WR VROYH WKH ELOHYHOPRGHO LV DV IROORZV &DUULHUVPDNH SULFLQJ DQG






OLQNV  SRUW OLQNV DQG  ODQG OLQNV $ WRWDO WUDQVSRUWDWLRQ GHPDQG RI  7(8V WZHQW\IRRW
HTXLYDOHQWXQLWVIURPDQRULJLQWRDGHVWLQDWLRQZDVDVVXPHGGXULQJDWLPHSHULRG
7KHUHVXOWVRIWKHFDUULHUSUREOHPLQFOXGHHVWLPDWLRQVRIWKHRFHDQFDUULHUVODQGFDUULHUVDQGSRUW
WHUPLQDO RSHUDWRUV¶ VHUYLFH FKDUJHV IRU HDFK RULJLQGHVWLQDWLRQ SDLU 7KH FDUULHUV¶ SULFLQJ DQG URXWLQJ
GHFLVLRQV DIIHFW WKH VKLSSHUV¶ EHKDYLRXU 7KH EHVW UHDFWLRQ RI VKLSSHUV LV FKRVHQ DV WKH ORZHU OHYHO
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3DWK /LQN )ORZ7(8 7UDQVDFWLRQ&RVW¼
3 ///  
3 ///  
3 ///  
 7RWDO  

7KH DYHUDJH SDWK WUDQVDFWLRQ FRVW LV WKH HTXDOL]HG ORZHVW DQG WKH VXSSO\ FRVW SOXV WKH




H[SORUHG D ELOHYHO PRGHOOLQJ DSSURDFK WR FDSWXUH WKHVH LQWHUDFWLRQV &DUULHUV¶ PXOWLOHYHO JDPHV DUH
PRGHOOHG XVLQJ 1DVK HTXLOLEULXP 6KLSSHUV¶ EHKDYLRXU LV PRGHOOHG XVLQJ WKH FRQFHSW RI 63( 7KH
FRPELQHGVKLSSHUDQGFDUULHUSUREOHPVDUHVWUXFWXUHGXVLQJDVHTXHQWLDOPRGHO6KLSSHUVILQGWKHRSWLPDO





7KLV UHVHDUFK LV WKH ILUVW WR DWWHPSW WR UHIOHFW GHFLVLRQV RI WKH GLIIHUHQW W\SHV RI FDUULHUV DQG WKHLU
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+DUNHU373UHGLFWLRQRILQWHUFLW\IUHLJKWIORZVWKHRU\DQGDSSOLFDWLRQRIDJHQHUDOL]HGVSHFLDOSULFHHTXLOLEULXPPRGHO
3+''LVVHUWDWLRQ8QLYHUVLW\RI3HQQV\OYDQLD3KLODGHOSKLD

+DUNHU377KHVWDWHRIWKHDUWLQWKHSUHGLFWLYHDQDO\VLVRIIUHLJKWWUDQVSRUWDWLRQV\VWHPV7UDQVSRUW5HYLHZV

+DFNHU3	)UHLV]7/D3UHGLFWLRQRILQWHUFLW\IUHLJKWIORZVϨ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